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Fig. 4A

#56 Homozygous female #64 Postive heterozygous HeWT

SN6h
(10ug/mL)

SNGj
(10ug/mL.)

MOFC 195v
(10ug/mL.)

Mouse CD 105
(10ug/mL)



U.S. Patent Apr. 19,2016 Sheet 5 of 19 US 9,315,582 B2
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Fig. 54
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Fig. 58

#56 Homozygous female #64 Positive heferozygous HBWT
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Fig, 64
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Fig. 68
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Epitope Mapping defined by 12 SNO series Anti-ENG mAbs
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Figure 12

Sequences of PCR primess used to synthesize ENG frapments

US 9,315,582 B2

Primer’ Sequeate

Wi FAlA GOAALE ATO GA8 SUHIDCAT T0T GAC T QaiCT st
FWY Fe AR GEA A0U AT GOT BT AGH UG Ta AT A QUCH

(G ATEY

LAY COATTA TTATAA SR OM 00 AT W CAM SR DTG G

T OGA T4 THA DOCHO0 LOA BT OO0 O CAL A8 D0 as

RYS £ TO0COT COATTE TER YROTO0 SUTROTQCA BAT CTG CaT 61T (1

W

R SRDOOTCRACTA TRAGHE T0a B0T UTOUAG COF ALC AL BEA BT

* Posttions of these primers are shown in Figure 10

FW1is SEQIDNO:1: FW2 is SEQID NO:2; RV1 is SEQIDNO:3; RV2is SEQIDNO4:
RV3is SEQ IDNO:5: Rvd is is SEQ ID NO:6; RV is SEQ IDNQ:7; is SEQID NC:9
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Figure 138, continued
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1
ANTI-ENDOGLIN ANTIBODIES AND
KNOCKIN MICE EXPRESSING NOVEL
HUMAN/MOUSE CHIMERIC ENDOGLIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional appli-
cation No. 61/445,971, filed Feb. 23, 2011, and to U.S. pro-
visional application No. 61/445,970, filed Feb. 23, 2011, the
disclosures of each of which are incorporated herein by ref-
erence.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
DAMDI17-03-1-0463 awarded by U.S. Army Medical
Research and Materiel Command. The government has cer-
tain rights in the invention.

FIELD OF THE INVENTION

The present invention is related generally to the field of
cancer therapy and more specifically to compositions and
methods for use in anticancer and antiangiogenic therapies.

BACKGROUND OF THE INVENTION

There is an ongoing need for compositions and methods
that relate to prophylaxis and therapy of diseases that involve
undesirable angiogenesis. Angiogenesis is in part related to
expression of endoglin on endothelial cells.

Endoglin

Endoglin is a homodimeric tumor-associated cell mem-
brane antigen with molecular size of 160 kilodaltons (kD) or
170kD that is mainly expressed on leukemia cells and endot-
helial cells (Haruta and Seon, 1986, Proc. Natl. Acad. Sci.
USA 83: 7898-7902; Gougos and Letarte, 1988, J. Immunol.
141:1925-1933; Seon et al., 1997, Clin. Cancer Res. 3: 1031-
1044). Endoglin’s expression on endothelial cells is upregu-
lated on proliferating endothelial cells of the tumor-associ-
ated vascular and lymphatic endothelium (Seon et al., Supra;
Burrows et al., 1995, Clin. Cancer Res. 1: 1623-1634; Mat-
suno et al., 1999, Clin Cancer Res. 5: 371-382; Clasper et al.,
2008, 68: 7293-7303). Endoglin is essential for angiogenesis/
vascular development (Li et al., 1999, Science 284: 1534-
1537; Arthur et al., 2000, Dev. Biol. 217: 42-53) and a co-
receptor of TGF-f (Cheifetz et al., 1992, J. Biol. Chem. 267:
19027-19030).

Murine endoglin has been characterized as a dimer with
molecular size of approximately 180 kilodaltons (kD).
Human endoglin exists in two forms; i.e., a smaller 160 kD
form and a larger 170 kD form with the difference between
the two being found in the cytoplasmic portion of the protein.
Endoglin has an extracellular region, a hydrophobic trans-
membrane region, and a cytoplasmic tail. A comparison of the
nucleotide sequence of human endoglin with murine endog-
lin reveals an identity of about 71 to 72% (St. Jacques et al.,
1994, Endocrinol. 134:2645-2657; Ge and Butcher, 1994,
Gene 158:2645-2657). However, in the human and murine
sequences encoding the transmembrane regions and cyto-
plasmic regions of endoglin, there is a 93-95% identity. Thus,
in the human and murine sequences encoding the extracellu-
lar region to which antibody would be directed at the cell
surface, there is significantly less identity than 70%.
Although the amino acid sequence similarity between human
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and mouse endoglins appears substantial, the observed amino
acid sequence differences in the extracellular regions should
be sufficient for generating distinct antigenic epitopes unique
to human endoglin or to mouse endoglin. This is because in
peptide epitopes, even a subtle variation in the amino acid
sequence comprising the epitopes or in the flanking amino
acid sequences can markedly influence the immunogenicity
of'the epitopes (see, e.g., Vijayakrishnan et al., 1997, J. Immu-
nol. 159:1809-1819). For instance, single amino acid substi-
tutions in a peptide can cause marked changes in the immu-
nogenicity of the peptide (Vijayakrishnan et al., 1997, supra).
Such changes in a peptide epitope strongly influence the
specificity of mAbs because mAbs define fine specificity.
Monoclonal Antibodies (mAbs) to Endoglin

SN6 is an antibody generated from immunization of mice
with tumor-associated components of glycoprotein mixtures
of cell membranes of human leukemia cells (Haruta and
Seon, 1986, Proc. Natl. Acad. Sci. 83:7898-7902). It is a
murine mAb that recognizes human endoglin. mAb 44G4 is
an antibody generated from immunization of mice with
whole cell suspensions of human pre-B leukemia cells
(Gougos and Letarte, 1988, J. Immunol. 141:1925-1933;
1990, J. Biol. Chem. 265:8361-8364). It is a murine mAb that
recognizes human endoglin. mAb MJ7/18 is an antibody
generated from immunization of rats with inflamed mouse
skins (Ge and Butcher, 1994, supra). It is a mAb that recog-
nizes murine endoglin. mAb Tec-11 is an antibody generated
from immunization of mice with human umbilical vein
endothelial cells (Burrows et al., 1995, Clin. Cancer Res.
1:1623-1634). Itis a murine mAb with reactivity restricted to
human endoglin.

By the use of anti-endoglin antibodies and various staining
procedures it has been determined that endoglin is expressed
at moderate levels on human tumor cells such as from human
leukemia, including non-T-cell-type (non-T) acute lympho-
blastic leukemia (ALL), myelo-monocytic leukemia. In addi-
tion, it has been determined that endoglin is expressed at
moderate to high levels in endothelial cells contained in
tumor-associated vasculatures from human solid tumors,
including angiosarcoma, breast carcinoma, cecum carci-
noma, colon carcinoma, Hodgkins lymphoma, lymphoma,
lung carcinoma, melanoma, osteosarcoma, ovarian carci-
noma, parotid tumor, pharyngeal carcinoma, rectosigmoid
carcinoma; and human vasculature from placenta. A lesser
degree (weak) endothelial cell staining for endoglin has been
observed in a variety of normal human adult tissue sections
from spleen, thymus, kidney, lung and liver.

Increased endoglin expression on vascular endothelial
cells has also been reported in pathological conditions involv-
ing angiogenesis. Such angiogenesis-associated diseases
include most types of human solid tumors, rheumatoid arthri-
tis, stomach ulcers, and chronic inflammatory skin lesions
(e.g., psoriasis, dermatitis; Westphal et al., 1993, J. Invest.
Dermatol. 100:27-34).

Angiogenesis

Angiogenesis includes the formation of new capillary
blood vessels leading to neovascularization. Angiogenesis is
acomplex process which involves a series of sequential steps,
including endothelial cell-mediated degradation of vascular
basement membrane and interstitial matrices, migration of
endothelial cells, proliferation of endothelial cells, and for-
mation of capillary loops by endothelial cells. Solid tumors
are angiogenesis-dependent; i.e., as a small solid tumor
reaches a critical diameter, for further growth it needs to elicit
an angiogenic response in the surrounding normal tissue. The
resultant neovascularization of the tumor is associated with
more rapid growth, and local invasion. Further, an increase in
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angiogenesis is associated with an increased risk of metasta-
sis. Therefore, antiangiogenic therapy to inhibit tumor angio-
genesis would suppress or arrest tumor growth and its spread.

In normal physiological processes such as wound healing,
angiogenesis is turned off once the process is completed. In
contrast, tumor angiogenesis is not self-limiting. Further, in
certain pathological (and nonmalignant) processes, angio-
genesis is abnormally prolonged. Such angiogenesis-associ-
ated diseases include diabetic retinopathy, chronic inflamma-
tory diseases including rheumatoid arthritis, dermatitis, and
psoriasis.

Antiangiogenic Therapy and Vascular Targeting Therapy of
Human Solid Tumors

The progressive growth of solid tumors beyond clinically
occult sizes (e.g., a few mm®) requires the continuous forma-
tion of new blood vessels, a process known as tumor angio-
genesis. Tumor growth and metastasis are angiogenesis-de-
pendent. A tumor must continuously stimulate the growth of
new capillary blood vessels to deliver nutrients and oxygen
for the tumor itself to grow. Therefore, either prevention of
tumor angiogenesis (antiangiogenic therapy) or selective
destruction of tumor’s existing blood vessels (vascular tar-
geting therapy) present a strategy directed to preventing or
treating solid tumors.

Since a local network of new capillary blood vessels pro-
vide routes through which the primary tumor may metasta-
size to other parts of the body, antiangiogenic therapy should
be important in preventing establishment of small solid
tumors or in preventing metastasis (See, e.g., Folkman, 1995,
Nature Medicine, 1:27-31). On the other hand, the vascular
targeting therapy which attacks the existing vasculature is
likely to be most effective on large tumors where the vascu-
lature is already compromised (See, e.g., Bicknell and Harris,
1992, Semin. Cancer Biol. 3:399-407). Appropriately
selected monoclonal antibodies can target vascular endothe-
lial cells of tumors and can inhibit tumor growth and/or
destroy tumors by several mechanisms that include antibody-
dependent cell-mediated cytotoxicity (ADCC) and induction
of'apoptosis (Seon et al., 2011, Current Drug Delivery 8:135-
143). In another case, monoclonal antibodies and fragments
thereof can be used as a means of delivering to either existing
tumor vasculature or newly forming tumor neovasculariza-
tion therapeutic compounds in a method of antiangiogenic
therapy and vascular targeting therapy (collectively referred
to as “antiangiogenic therapy”). However, there remains a
need for tools that can be used in identifying monoclonal
antibodies that are likely to have effective clinical applica-
tions in humans, and there is accordingly a need for such
antibodies themselves.

Mouse Models for Angiogenesis-Associated Diseases

The use of mouse models of angiogenesis has been
accepted and validated for the evaluation of therapeutic
agents because the models have been shown to reflect the
clinical parameters characteristic of the respective disease, as
well as predictive of the effectiveness of therapeutic agents in
patients. These mouse models include, but are not limited to:
mouse model for retinal neovascularization (Pierce et al.,
1995, Proc. Natl. Acad. Sci. USA 92:905-909); mouse mod-
els for rheumatoid arthritis (MRL-Ipr/Ipr mouse model, Fol-
liard et al., 1992, Agents Actions 36:127-135; mev mouse,
Kovarik et al., 1994, J. Autoimmun 7:575-88); mouse models
for angiogenesis (Majewski et al., 1994, Int. J. Cancer 57:81-
85; Andrade et al.,, 1992, Int. J. EXp. Pathol., 73:503-13;
Sunderkotter et al., 1991, Am. J. Pathol. 138:931-939);
mouse model for dermatitis (Maguire et al., 1982, J. Invest.
Dermatol. 79:147-152); and mouse model for psoriasis
(Blandon et al., 1985, Arch. Dermatol. Res. 277:121-125;
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Nagano et al., 1990, Arch. Dermatol. Res. 282:459-462).
Several anti-human endoglin (hENG) monoclonal antibodies
(mAbs) are known to be potentially useful for antiangiogenic
therapy. These mAbs include K4-2C10 (or termed SN6{),
D4-2G10 (or termed SN6a), Y4-2F1 (or termed SN6j) and
P3-2G8 (or termed SN6k). However, all of these mAbs cross-
react with murine endoglin or murine endothelial cells. How-
ever, these cross-reactivities are weak and evaluation of these
mAbs in animal (mice) for antiangiogenic activity can be
done only under limited conditions (Seon etal., 2011). There-
fore, there is a need for new animal models expressing human
endoglin that can be targeted by more anti-human endoglin
mAbs, as well as a need for new effective anti-human endog-
lin mAbs themselves. The present invention meets these and
other needs.

SUMMARY OF THE INVENTION

The present invention provides compositions and methods
that relate to prophylaxis and therapy of angiogenesis asso-
ciated disease. The invention includes providing novel
knockin mice which express novel human/mouse chimeric
endoglin. The mice are useful for evaluation of the in vivo
efficacy of anti-human endoglin mAbs which can be used in
antiangiogenic therapy of human tumor angiogenesis and
human angiogenesis-associated diseases characterized at
least in part by excessive vascularization. In various embodi-
ments, the endoglin gene of the knockin mice comprise exons
4,5, 6,7, and 8, and combinations thereof, of the human
endoglin (hENG) gene. Vectors suitable for use in homolo-
gous recombination to create the transgenic mice are pro-
vided, as are murine embryonic stem cells which comprise
the knockin human endoglin gene regions.

The present invention also provides anti-endoglin mAbs
which can be used as antiangiogenic agents for prophylaxis or
therapy of human tumor angiogenesis and human angiogen-
esis-associated diseases having excessive vascularization. In
various embodiments, the mAbs do not cross react with
murine endoglin, and are specific for a region of human
endoglin encoded by any of human endoglin exons 4, 5, 6, 7,
and 8. In one embodiment, the selected mAbs are specific for
the region of human endoglin encoded by human endoglin
exons 4-8. Thus, the mAbs can bind with specificity to the
portion of hENG which comprises hENG amino acids from
Asn 121-Ala 378, inclusive.

The invention also provides methods for using the anti-
endoglin mAbs for prophylaxis or therapy of human tumor
angiogenesis and for angiogenesis-associated diseases hav-
ing excessive vascularization. In general, the method com-
prise administering to an individual in need of an anti-angio-
genic agent a composition comprising one or more of the
mAbs, or hENG binding fragments thereof, or immunocon-
jugates developed from the mAbs. For each therapeutic use,
the invention includes combination therapies using the m Abs,
hENG binding fragments thereof, immunoconjugates, and
other therapeutic agents.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 is a graphic description of linear sequence epitopes
of human endoglin (hENG) defined by eight anti-hENG
mAbs that were generated in our laboratory. Molecular map
of hENG epitopes defined by SN6 series anti-hENG mAbs
and the corresponding exons. The amino-terminal amino acid
residue of each of the seven polypeptide fragments is shown.
The amino-terminal residue of the mature translated hENG as
well as the fragment 1 is Glu26 as shown. The map was
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constructed based on the reactivities of the 12 anti-hENG
mAbs with eight bacterially expressed recombinant hENG
polypeptide fragments including a fragment that consists of
the entire extracellular domain of hENG (see FIG. 10). SN6
series mAbs relevant are shown in this figure. The epitope
defined by SN6k is a putative conformational epitope. All 12
anti-hENG mAbs developed to date by us define extracellular
epitopes. The corresponding exons of human ENG gene are
shown in the figure. Exon 4 to Exon 8 that are shown in bold
letters were used to replace the corresponding exons of mouse
ENG gene in generation of the knockin mice in Plan A which
is described further below. Figure hatching and amino acid
numbering denotes peptides that were synthesized for epitope
mapping studies.

FIG. 2 depicts the hENG exons 4-8 knockin vector. hENG
exons 4-8 were derived from human male BAC library RPCI-
11. The 5'-arm and 3'-arm were derived from BALB/cByJ
BAC library CHORI-28.

FIG. 3 depicts a mouse wild type ENG gene and the tar-
geted ENG gene in which mouse ENG exons 4-8 were
replaced with hENG exons 4-8 and shows insertion of a Neo
marker. Gene targeting was performed by transfection of the
gene knockin vector into mouse embryonic stem (ES) cells.
The correctly targeted ES cell clones were screened by PCR
and Southern blot as indicated in the figure. These assays
indicated that clones 27 and 226 contain the desired targeted
gene. NeoMarker was later deleted from the targeted gene by
crossing a male mouse carrying the targeted gene with a Cre
female mouse.

FIGS. 4A and 4B depict immunohistochemical (IHC)
staining of the human/mouse chimeric ENG in 4T1 mouse
breast tumors from homozygous (#56) and heterozygous
(hemizygous; #64) mice. As a control, mouse ENG in 4T1
tumors from wild type mice was also stained. In FIGS. 4A and
4B, we show test results of four anti-hENG mAbs SN6h,
SN6;j, SN6d and SN6f as well as those of two controls which
are an isotype-matched control IgG (MOPC 195v; IgG1-x)
and rat anti-mouse ENG mAb MJ7/18 (BD Bioscience). All
of SN6h, SN6j, SN6d and SN6f react well with the chimeric
ENG in both homozygous and heterozygous (hemizygous)
mice. The isotype-matched control IgG shows no significant
reactivity with either chimeric or wild type ENG. Anti-mouse
ENG mAb shows no reaction with the chimeric ENG in the
homozygous mice but strongly reacted with mouse ENG in
the heterozygous and wild type mice. A similar IHC staining
pattern of these mAbs and control IgG was observed in dif-
ferent homozygous (#63, #67 and #74) and heterozygous
(#54 and #70) mice Similar IHC staining of the human/mouse
chimeric ENG by these mAbs and control IgG was also
detected in Col 26 colon tumors from homozygous (#57) and
heterozygous (#81) mice.

FIGS. 5A and 5B depict IHC staining of the human/mouse
chimeric ENG in 4T1 tumors by five additional anti-hENG
mAbs SN6¢, SN6i, SN6, SN6g and SN6k that are not shown
in FIGS. 4A and 4B. SN6c¢, SN6i and SN6 react well with the
human/mouse chimeric ENG in both homozygous and het-
erozygous mice. SN6g that appears to define a carbohydrate
epitope reacts weakly with the chimeric ENG in the tumor of
the homozygous mouse but not of the heterozygous mouse.
The reactivity patterns of the isotype-matched control IgG
MOPC 195v and anti-mouse ENG (CD105) mAb in FIGS.
5A and 5B are consistent with those in FIGS. 4A and 4B.
MOPC 195v shows no significant reactivity with either chi-
meric ENG or mouse ENG. Anti-mouse ENG (CD105) mAb
reacts well with mouse ENG in the 4T1 tumors of heterozy-
gous and wild type mice, but did not react with the chimeric
ENG in the tumor of homozygous mouse.
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FIG. 6A depicts suppression of growth of 4T1 breast
tumors in knockin mice expressing human/mouse chimeric
ENG by anti-hENG mAb SN6j, SN6c or SN6d. The control is
an isotype-matched control IgG MOPC 195v. Mice bearing
established subcutaneous tumors of a similar size were dis-
tributed evenly into four different groups (n=7 for each group)
at the onset of the therapy. Individual mice with established
tumors in each group were treated by intravenous adminis-
tration of 50 pg of an isotype-matched control IgG, SN6;j,
SN6c or SN6d. The administration was repeated at 3 or 4 days
intervals (twice a week) as indicated by vertical arrows. Each
graph line in the figure represents the average of tumor vol-
umes of seven mice in each group.

FIG. 6B depicts suppression of growth of established 4T1
tumors in knockin mice by intravenous administration of 100
ng of anti-hENG mAb SN6j, SN6¢ or SN6d. Experiment in
this figure was performed in the same manner as that in FIG.
6A but 100 ug of mAb or control IgG were administered into
individual knockin mice instead of 50 pg in FIG. 6A.

FIG. 7 depicts suppression of growth of established Col 26
colon tumors in knockin mice by anti-hENG mAbs. The mice
bearing established subcutaneous tumors of Col 26 of a simi-
lar size were distributed evenly into four groups (n=6 for each
group) at the onset of therapy. Individual mice with estab-
lished tumors in each group were treated by intravenous
administration of 100 pg of anti-hENG mAb SN6j, SN6¢ or
SN6d, or an isotype-matched control IgG MOPC 195v
(IgG1-x). The administration was repeated at 3 or 4 days
intervals (twice a week) as indicated by vertical arrows. Each
graph line in the figure represents the average of tumor vol-
umes of six mice in each group of mice. In addition to the
difference in the tumor volume between anti-hENG mAb-
treated groups and control IgG-treated group, three groups of
mice treated with each of SN6j, SN6c and SN6d survived
longer than the group treated with the control IgG.

FIG. 8 provides a graphical description of results obtained
by antibody analysis to determine steric epitopes of endoglin
recognized by the antibodies of the invention.

FIG. 9 provides a graphical depiction of results obtained
from competitive antibody binding between SN6 series anti-
endoglin monoclonal antibodies (mAbs) and '**I-labeled
SN6 as measured by a cellular radioimmunoassay.

FIG. 10 depicts oligonucleotide primers of cDNA encod-
ing S-ENG (A) and bacterially expressed recombinant ENG
fragments (B). Oligonucleotide primers were used in PCR to
synthesize DNA fragments encoding different portions of the
extracellular domain of ENG protein molecule. Numbers in
the parentheses following the primer names in panel A are the
positions from 5' ends. Forward direction primer FW1 was
combined with reverse direction primers RV1, RV2, RV3,
RV4, RV5 and RV6, respectively, in the PCR to synthesize
DNA encoding ENG fragments I, I1, III, IV, V and V1 in panel
B. Forward direction primer FW2 was combined with reverse
direction primers RV5 and RV6, respectively, to synthesize
DNA encoding ENG fragments VII and VIII. Fragment VI
corresponds to the full-length extracellular domain while
other fragments correspond to different portions of ENG
molecule.

FIG. 11. Depicts western blots of recombinant ENG frag-
ments using anti-ENG mAbs. Inclusion bodies harvested
from the IPTG-induced E. coli BL.21 (DE3), which had been
transfected with blank plasmid vector pET-21d (+) or plasmid
vectors pET-21d (+) containing cDNA encoding each of the
eight ENG fragments (i.e., I to VIII), were dissolved in a
buffer containing 8 M urea. The dissolved polypeptide frag-
ments were fractionated on 15% gels in SDS-PAGE under the
reducing conditions. The separated ENG fragments were
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detected in Western blot using each ofthe 12 anti-ENG mAbs.
In addition, the dissolved recombinant fragments were sub-
jected to SDS-PAGE under the non-reducing conditions and
reactivities of the separated fragments with SN6a, SN6g and
SN6k were detected in Western blot. Under the reducing
conditions, distinct reactive bands were detected with SN6,
SN6b, SN6c, SN6d, SN6e, SN6T, SN6h, SN6I and SN6j, but
not with any of SN6a, SN6g and SN6k. However, SN6a and
SN6k reacted with distinct ENG fragments under the non-
reducing conditions. Results of SN6a, SN6b and SN6k are
not shown here because they are not relevant to this patent
application. SN6g which defines an epitope containing sialic
acid(s) did not react with any of the bacterially expressed
recombinant ENG fragments under either reducing or non-
reducing conditions. The experiments were repeated and
similar results were observed.

FIG. 12. Sequences of PCR Primers used to synthesize
endoglin (ENG) fragments that are described in FIG. 10. The
SEQ ID for each primer is provided in the figure.

FIG. 13A Amino acid sequence of knockin human endog-
lin (exons 4 to 8; upper panel). The amino-terminal amino
acid residue N1 in exon 4 in this figure corresponds to N121
of the entire hENG molecule including the leader sequence
Amino acid sequence of knockin human endoglin (exons 5
and 6; lower panel.) The amino-terminal amino acid residue
Al in exon 5 in this figure corresponds to A175 of the entire
hENG molecule including the leader sequence. SEQ ID for
each exon set is provided.

FIG. 13B. Nucleotide sequence of human endoglin gene
including exons 4-8; exon sequences are underlined). The
SEQ ID is as provided.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to compositions and methods
for prophylaxis and/or therapy for angiogenesis-associated
conditions.

In one aspect, the invention provides compositions which
comprise antibodies that are specific for certain portions of
human endoglin, and wherein the antibodies do not cross
react with murine endoglin expressed by murine epithelial
cells. Fragments of the antibodies which are likewise specific
for certain portions of human endoglin but do not cross react
with endoglin expressed by murine epithelial cells are also
provided.

In another aspect, the invention provides compositions
suitable for making transgenic mice. The compositions
include vectors that are suitable for use in homologous
recombination such that transgenic mice which express chi-
meric endoglin can be made. In particular embodiments, the
vectors are adapted for homologous replacement of exons 4,
5,6, 7,and 8, or combinations thereof, of the murine endoglin
gene with the homologous exons from the human endoglin
gene.

In another aspect of the invention, methods for prophylaxis
and/or therapy of conditions associated with undesirable
angiogenesis are provided. The methods comprise adminis-
tering to an individual in need of anti-angiogenic therapy a
monoclonal antibody or a human endoglin (hENG) binding
fragment thereof. Various modifications to the antibodies and
the hENG binding fragments thereof can be made and are
discussed further below. Methods for therapy of angiogenesis
related disorders include combinations therapies which
include use of the presently provided mAbs and/or hENG
binding fragments thereof.

The term “angiogenesis-associated disease” or “angiogen-
esis-associated condition” is used hereinto mean certain
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pathological processes in humans where angiogenesis is
abnormally prolonged. Such angiogenesis-associated dis-
eases include but are not necessarily limited to diabetic ret-
inopathy, adult macular degeneration, chronic inflammatory
diseases, rheumatoid arthritis, dermatitis; psoriasis, stomach
ulcers, and most types of human solid tumors.

The term “angiogenesis inhibitor” is used herein to mean a
composition of matter including, but not necessarily limited
to peptides, proteins, enzymes, polysaccharides, oligonucle-
otides, DNA, RNA, recombinant vectors, and drugs which
function to inhibit angiogenesis. Angiogenesis inhibitors are
known in the art. Representative examples include natural
and synthetic biomolecules such as sunitinib, sorafenib, beva-
cizumab (avastin), paclitaxel, 0-(chloroacetyl-carbomyl)
fumagillol (“TNP-470” or “AGM 1470”), thrombospondin-
1, thrombo-spondin-2, angiostatin, human chondrocyte-de-
rived inhibitor of angiogenesis (“hCHIAMP”), cartilage-de-
rived angiogenic inhibitor, platelet factor-4, gro-beta, human
interferon-inducible protein 10 (“IP10”), interleukin 12, Ro
318220, tricyclodecan-9-yl xanthate (“D609”), irsogladine,
8,9-dihydroxy-7-methyl-benzo[b]quinolizinium  bromide
(“GPA 1734”), medroxyprogesterone, a combination of hep-
arin and cortisone, glucosidase inhibitors, genistein, thalido-
mide, diamino-antraquinone, herbimycin, ursolic acid, and
oleanolic acid.

The term “antiangiogenic therapy” is used herein to mean
therapy targeted to vasculature which comprises cells that
express endoglin. Endoglin is expressed at higher levels on
proliferating vasculature as compared to quiescent vascula-
ture. Therapeutic approaches provided by the invention can
be directed against angiogenesis (i.e., the formation of new
capillary blood vessels leading to neovascularization), and/or
against existing vasculature and relating to a disease condi-
tion (e.g., vascular targeting therapy).

The term “antibody fragment” or “fragment thereof™ is
used hereinto mean a portion or fragment of an intact anti-
body molecule, wherein the fragment retains antigen-binding
function; i.e., F(ab')2, Fab', Fab, Fv, single chain Fv (“scFv”),
Fd' and Fd fragments. Methods for producing the various
fragments from rnAbs are well known to those skilled in the
art (see, e.g., Pluckthurn, 1992, Immunol. Rev. 130:152-188).

The term “imunoconjugate” is used herein to mean a con-
jugate comprised of the anti-endoglin mAbs or a fragment
thereof according to the present invention (or alternatively, an
anti-endoglin mAb, or fragment thereof, that recognizes
human vascular endothelial cells but lacks crossreactivity
with mouse endoglin) and at least one antitumor agent or at
least one angiogenesis-inhibitor. Such antitumor agents are
known in the art and include, but not limited to, toxins, drugs,
enzymes, cytokines, radionuclides, photodynamic agents,
and angiogenesis inhibitors. Toxins include ricin A chain,
mutant Pseudomonas exotoxins, diphtheria toxoid, streptoni-
grin, boamycin, saporin, gelonin, and pokeweed antiviral pro-
tein. Drugs include daunorubicin, methotrexate, Capecitab-
ine, paclitaxel and calicheamicins. Radionuclides include
radiometals. Cytokines include transforming growth factor
(TGF)-p, interleukins, interferons, and tumor necrosis fac-
tors. Photodynamic agents include porphyrins and their
derivatives. The methods for complexing the anti-endoglin
mAbs or a fragment thereof with at least one antitumor agent
are well known to those skilled in the art (i.e., antibody
conjugates as reviewed by Ghetie et al., 1994, Pharmacal.
Ther. 63:209-34). Often such methods utilize one of several
available heterobifunctional reagents used for coupling or
linking molecules.

The term “isotype control immunoglobulin™ is used herein,
for purposes of the specification and claims, to mean a species
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specific (e.g. raised in the same species as the antibody to
which it is compared), isotype-matched (e.g., of the same
immunoglobulin (Ig) class and subclass as the antibody to
which it is compared) Ig which does not bind with specificity
to the antigen to which the compared antibody has binding
specificity, as will be more apparent from the following
embodiments.

The term “tumor” is used herein, to mean a tumor express-
ing endoglin at moderate to high levels (as compared to
expression by normal tissue of the same type) such as human
leukemias, including non-T-cell-type (non-T) acute lympho-
blastic leukemia (ALL), myelo-monocytic leukemia; and
human solid tumors, with its surrounding vasculature
expressing endoglin at moderate to high levels (as compared
to expression by normal tissue of the same type) including
angiosarcoma, breast carcinoma, cecum carcinoma, colon
carcinoma, Hodgkins lymphoma, lymphoma, lung carci-
noma, melanoma, osteosarcoma, ovarian carcinoma, parotid
tumor, pharyngeal carcinoma, prostate carcinoma, and rec-
tosigmoid carcinoma.

A drawback to conventional chemotherapy and radio-
therapy is the lack of selectively delivering the therapy to its
intended target, diseased tissue, rather than to normal tissue.
Monoclonal antibodies have been used to deliver therapeutics
with greater target specificity, thereby reducing toxicity.
Murine rmAbs or fragments thereof have been used to treat
human disease after the major part of a mAb or a fragment
was replaced with the corresponding human component by
humanization or chimerization.

Antiangiogenic therapy may overcome some of the major
problems associated with conventional chemotherapy or
immunotherapy of human solid tumors. First, antiangiogenic
therapy may allow circumvention of the problem of acquired
drug resistance. Drug-resistant tumor mutants are easily gen-
erated because of the genetic instability of tumor cells. How-
ever, genetically-stable normal cells, such as vascular endot-
helial cells, would be far less adept at generating drug
resistance. Additionally, antiangiogenic therapy may over-
come the problem of tumor heterogeneity for the reasons as
discussed above. Further, physiologic bathers for high
molecular weight drugs (such as mAbs and immunoconju-
gates) to penetrate into solid tumors will be circumvented by
targeting a tumor’s vasculature rather than tumor cells. This is
because the therapeutic agent delivered in antiangiogenic
therapy selectively acts on the vascular endothelial cells lin-
ing the blood vessels of the tumor rather than the tumor cells
themselves (although a delivered therapeutic agent may sec-
ondarily act on tumor cells with which it comes in contact).
Vascular endothelial cells are directly accessible to circulat-
ing high molecular weight drugs/antitumor agents. Further-
more, destruction of all tumor-associated blood vessels is not
necessary for effective antiangiogenic therapy. This is
because large numbers of tumor cells are critically dependent
upon a small number of capillary endothelial cells. If a cap-
illary bed is damaged as a result of antiangiogenic therapy, a
significant number of tumor cells will die of nutrient and
oxygen deprivation. An additional advantage is that a single
type of therapeutic agent developed for antiangiogenic
therapy may be applied to many types of solid tumors and
angiogenesis-associated diseases. The invention includes the
following approaches to providing new and improved com-
positions and methods for prophylaxis and/or therapy of
angiogenesis associated diseases.

Compositions for Making Transgenic Mice

Compositions and methods for making homologous
replacements of genes (i.e., gene knockins) in mice are well
known in the art. The present invention provides vectors
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suitable for creating murine embryonic stem cells (ES) which
comprise hENG coding sequences. The transgenic ES can be
used for making knockin mice which express chimeric
murine/human endoglin and are accordingly valuable for
studying the effects of antiangiognic agents, including but not
necessarily limited to the mAbs and hENG binding fragments
thereof provided by the invention.

In one embodiment, the invention provides a vector for use
in replacement of a portion of the murine endoglin gene with
aportion of the hENG gene. As such, the vector is adapted to
facilitate homologous recombination with the murine endog-
lin gene. In general, a vector that is adapted for use in homolo-
gous combination with a target site in a recipient chromosome
will have features known to those skilled in the art. These
features include but are not necessarily limited to a selectable
marker, such as the well characterized Neo marker, polyclon-
ing sites into which the replacement gene segment is cloned
as well as for inserting gene segments that are the same as
those in the targeted portion of the chromosome so that the
replacement is targeted correctly, a site for linearization of the
vector, sites which are recognized by enzymes involved in
certain recombination events, such as LoxP sites, and pro-
moter sequences. A representative knockin vector that is suit-
able for inserting hENG exons 4, 5, 6, 7 and 8 into a murine
chromosome is depicted in FIG. 2. The sequences of the
amino acids encoded by exons 4-8 of the hENG gene are
presented in FIG. 13A, while the sequences of the exons
themselves and intervening human introns are depicted in
FIG. 13B, wherein the exon sequences are underlined. The
amino-terminal amino acid residue N1 in FIG. 13A (upper
panel sequence) is Asn at position 121 of the full-length
hENG amino acid sequence, including the leader sequence,
while the carboxy-terminal amino acid in FIG. 13A (upper
panel) is Ala at position 378 of the full-length hENG amino
acid sequence, including its leader sequence.

Thus, in various embodiments, the invention provides a
recombinant vector that is suitable for replacing a portion of
the murine endoglin gene with a homologous portion of the
human endoglin gene. In particular embodiments, the vector
is configured such that each of exon 4, 5, 6, 7 and 8 can been
replaced by human endoglin gene exons 4, 5, 6, 7 and 8§,
respectively. In other embodiments, the vector is adapted so
that any one, two, or three, four or five of the murine exons can
be replaced by the homologous human exons. In one embodi-
ment, the vector is configured to replace only exons 5-6 of the
murine endoglin by human exons 5-6.

Those skilled in the art will recognize that the sequence of
the human endoglin exons in the vectors used to create trans-
genic ES and/or a transgenic mouse according to the inven-
tion can be identical to endogenous human endoglin exon
sequences. However, due to the redundancy in the genetic
code, the human endoglin exons can be different from endog-
enous human endoglin sequences, and can comprise any
nucleotide sequences that encode the portion of the human
endoglin protein that is encoded by human endoglin exons
4-8, and all combinations of those exons. It is expected that
significant variability in intron sequences in the knockin vec-
tor relative to the murine intron sequences would be tolerated,
since the intron sequences are not protein coding. In certain
cases, it is desirable that intron sequences in the knockin
vector are substantially the same length as intronic sequence
in the murine endoglin gene.

In order to use the vectors of invention, in general, ES can
be obtained using routine techniques and are chosen for their
ability to integrate into and become part of the germ line of a
developing embryo so as to create germ line transmission of
the transgene. Thus, any ES cell or cell line that can do so is
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suitable for use in the invention. Introduction of a knockin
vector described herein into ES cells may be accomplished
using a variety of methods well-known in the art, including,
for example, electroporation, microinjection, and calcium
phosphate treatment. For introduction of the chosen DNA
sequence, the knockin vector is added to the ES cells under
appropriate conditions for the insertion method chosen. For
example, if the cells are to be electroporated, the ES cells and
construct DNA are exposed to an electric pulse using an
electroporation machine (electroporator) and following the
manufacturer’s guidelines for use. After electroporation, the
cells are allowed to recover under suitable incubation condi-
tions. The cells are then screened for the presence of the
knockin construct. Screening for cells which contain the
transgene (e.g., homologous recombinants) may be done
using a variety of methods, such as by screening with specific
probes or by polymerase chain reaction (PCR), or by South-
ern blotting. Once selected, ES cells are injected into a blas-
tocyst of an animal (e.g., a mouse) to form aggregation chi-
meras [see e.g., Bradley, in Teratocarcinomas and Embryonic
Stem Cells: A Practical Approach, E. J. Robertson, ed. (IRL,
Oxford, 1987), pp. 113-152]. A chimeric embryo can then be
implanted into a suitable pseudopregnant female foster ani-
mal and the embryo brought to term to create a “knockin”
animal. Progeny harboring the homologously recombined
DNA in their germ cells can be identified by standard tech-
niques and used to breed animals in which all cells of the
animal contain the homologously recombined DNA.

Mice and Embryonic Stem Cells

By using the compositions and methods described above,
or any other suitable techniques, the invention provides trans-
genic murine ES knockin mice stably expressing novel
human/mouse chimeric endoglin. We developed two chi-
meric ENG genes which are described in what are referred to
herein as “Plan A” and “Plan B

In Plan A, a chimeric ENG gene comprising hENG exons
4-8 was designed and constructed so that the translated chi-
meric protein could be targeted by several (7 or 8) of the 12
anti-hENG mAbs that we have developed. In Plan B, we
generated a smaller chimeric gene comprising hENG exons
5-6 encoding a protein that was expected to be targeted by a
few (2 or 3) of the 12 mAbs we have generated in connection
with this invention. We carried out Plan B considering the
possibility that a chimeric ENG containing a large hENG
protein (containing a dimer of 258 amino acids-polypeptides
and carbohydrates) in Plan A may not function well in mice
and may induce defective vascular development in the mice.
It should be noted that mice lacking ENG die from defective
vascular development (Li et al., 1999, Science 284: 1534-
1537) and mutations of hENG in human are associated with
hereditary hemorrhagic telangiectasia type 1 (HHT 1; McAl-
lister et al., 1994, Nature Genetics 8: 345-351). However, we
found that knockin mice generated using both Plans A and B
develop normally and do not show any signs of hemorrhagic
telangiectasia-like symptoms. These results indicate that the
chimeric ENGs are physiologically functional in mice.

An important next question was whether the translated
human/mouse chimeric ENG protein is effectively expressed
in angiogenic blood vessels. We addressed this question by
immunohistochemical (IHC) staining of tumor tissues from
the knockin mice. Microvessels of tumors (colon26 and 4T1)
in Plan A mice reacted strongly with 7 anti-hENG mAbs
(SN6, SN6c, SN6d, SN6f, SN6h, SN6i and SN67) and weakly
with 1 anti-hENG mAb (SN6g) in IHC staining. The results
indicate that tumors in the Plan A knockin mice may be
targeted by each of the 7 or 8 anti-hENG mAbs. Plan A and
Plan B mice are useful for screening a wide variety of anti-

5

10

15

20

25

30

35

40

45

55

60

65

12

hENG agents. For example, Plan A knockin mice are useful
for screening for the best or best two of the 8 reactive anti-
hENG mAbs with regard to their in vivo antitumor efficacy. It
is important to note that the hENG part of the Plan A chimeric
ENG contains immunodominant epitopes to which many
anti-hENG mAbs are directed. Therefore, the Plan A knock-
in mice are valuable for evaluating the in vivo antitumor
efficacy of many anti-hENG mAbs or other anti-hENG
agents. Furthermore, the knock-in mice are valuable for find-
ing appropriate combinations of an anti-hENG mAb with
other therapeutic agents to potentiate antitumor efficacy of
the mAb and hENG binding fragments thereof. It is believed
that the present invention is the first disclosure of knockin
mice stably expressing human/mouse chimeric ENG and
anti-ENG mAbs/immunoconjugates that recognize only the
hENG part of the chimeric ENG and show antiangiogenic
activity in antiangiogenic therapy.

Antibodies

Another embodiment of the present invention provides
anti-hENG mAbs. The antibodies can be characterized by
their binding specificity for epitopes expressed on the hENG
part of the human/mouse chimeric ENG in knockin mice,
which is restricted to certain tumor vasculature and prolifer-
ating vascular endothelial cells, as characteristic of angiogen-
esis. These mAbs are evaluated for in vivo efficacy in the
mouse model to perform the studies necessary to evaluate
clinical efficacy, pharmacokinetics, and potential adverse
side effects of antiangiogenic therapy in humans. Eight such
anti-endoglin mAbs were tested in this invention: mAb SN6
from hybridoma clone N13A1, SN6¢ from clone 1.41C8,
SN6d from clone D31A2; SN6f from K42C10, SN6g from
clone 112G6, SN6h from clone G42C2, SN6i from clone
K21C7 and SN6j from clone Y42F1. Properties of these
mAbs are described in FIG. 1, FIG. 8, FIG. 9 and Table 1.

It will be apparent from the foregoing description and the
Examples and Figures presented herein that the invention
provides in various embodiments anti-hENG mAbs which
can be used as antiangiogenic agents for prophylaxis or
therapy of human tumor angiogenesis and human angiogen-
esis-associated diseases which are characterized at least in
part by excessive vascularization. Examples of such angio-
genesis-associated diseases include but are not necessarily
limited to all human solid tumors, as well as diabetic retin-
opathy, age-related macular degeneration, chronic inflamma-
tory diseases including rheumatoid arthritis, dermatitis, and
psoriasis.

In various embodiments, the mAbs and hENG binding
fragments thereof do not cross react with murine endoglin.
The mAbs can be specific for a region of human endoglin
encoded by any of human endoglin exons 4, 5, 6, 7, and 8.
Representative exon sequences and amino acid sequences
encoded by them are depicted in FIGS. 13A and 13B. In
various embodiments, the mAbs are specific for the region of
human endoglin encoded by human endoglin exon 4-8 and
accordingly can bind with specificity to the portion of hENG
which comprises or consists of hENG amino acids from
N121-A378, inclusive. Exemplary antibodies with these
characteristics are also depicted graphically in FIG. 1. The
invention does not include the mAbs designated SN6f and
SN6j, which crossreact with murine endoglin. The hybrido-
mas K42C10 and Y42F1 which produce SN6f and SN6;j,
respectively which were deposited with the American Type
Culture Collection and were accorded deposit number
HB-12172 and HB-12171, respectively. In one embodiment,
the antibodies provided for use in antiangiogenic and antitu-
mor treatment comprise SN6¢, SN6d, SN6i, and combina-
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tions thereof. Hybrodomas producing each of the mAbs
described herein are encompassed within the invention.

Characterizations of specific examples of antibodies of the
invention are presented in FIGS. 8 and 9. In particular, in FIG.
8, Panel A presents a steric epitope map of ENG that is defined
by twelve SN6 series anti-ENG mAbs. This map was con-
structed by performing three different tests that include 1) a
sequential competitive inhibition test using several '*°I-la-
beled SN6 series mAbs, 2) a simultaneous competitive bind-
ing assay, and 3) a comparison of the degree of susceptibility
of'individual epitopes to various enzymatic digestions. Panel
B presents a linear sequence epitope map of ENG showing
location of epitopes defined by eleven SN6 series mAbs (ex-
cluding SN6g) Amino-terminal and/or carboxy-terminal
amino acid residue of each peptide fragment used for the
epitope mapping are indicated in this figure Amino acid resi-
dues in this figure are numbered excluding the leader
sequence of 25 amino acids. Therefore, the amino-terminal
amino acid is designated as E1 (Glu 1) instead of E26.

FIG. 9 provides results from competitive antibody binding
experiments between SN6 series anti-endoglin mAbs and
125].labeled SN6 as measured using cellular radioimmunoas-
say. One of the tests that was performed to compare the steric
location of individual epitopes defined by individual SN6
series anti-endoglin mAbs was a competitive binding assay
and the results of it are shown in FIG. 9, where the abscissa for
the left panel is ng of the purified mAbs (SN6, SN6a, SN6b,
SN6;j and SN6k), control mAb (SN4d; IgG2a-k) and control
mouse IgG (MOPC 195variant; IgG1-x). The abscissa for the
right panel is relative concentration derived from the recip-
rocals of 10-fold serial dilutions of ascites fluids of SN6 series
hybridomas (SN6, SN6¢, SN6d, SN6e, SN6t, SN6g, SN6h
and SN61) and MOPC 195 variant plasmacytoma. The target
antigen was endoglin (CD105) on KM-3 leukemia cells. In
this test, endoglin-expressing KM-3 (an immature B-lineage
leukemia cell line) cells were first incubated with different
concentrations of individual SN6 series mAbs and control
mouse IgG/or control mAb, and subsequently '*°I-labeled
SN6 mAb was allowed to react with the preincubated KM-3
cells. Preinculation of KM-3 cells with SN6 (autologous
mAb; a positive control) blocked the subsequent binding of
125_SN6 almost completely at the maximum while similar
preincubation of KM-3 cells with SN6¢ or SN6d blocked the
subsequent binding of '**I-SN6 by approximately 90% at the
maximum. On the other hand, preincubation of KM-3 cells
with SN6i or SN6f blocked subsequent binding of **°I-SN6
by 47% and 40%, respectively, at the maximum. Therefore,
the epitopes defined by SN6¢ and SN6d are in different loca-
tions sterically from the epitope defined by SN6f (termed
SN6f epitope). SN6i epitope is close to SN6f epitope but not
identical to SN6f epitope. It is of interest that preincubation
with higher concentrations of SN6g and SN6k did not block
but rather enhanced the subsequent binding of 1*°I-SN6. This
may be due to binding of SN6g and SN6k to endoglin on
KM-3 cells inducing a conformational change of the endoglin
molecule in such a way that the SN6 epitope becomes more
exposed. It will be apparent from FIG. 9 that in certain
embodiments, antibodies provided by the present invention
can competitively inhibit binding of SN6 to human endoglin.

In one embodiment, the invention provides an anti-hENG
mAb termed SN6c¢, which is generated by the hybridoma
clone 1.41C8. This mAb defines an epitope in the region of
hENG between Ile 271 and Ala 378 that is encoded by exons
7-8 of hENG gene. This mAb does not cross-react with
murine endothelial cells.

In another embodiment, the invention provides anti-hENG
mAb termed SN6d which is generated by the hybridoma
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clone D31A2. This mAb defines an epitope in the region of
hENG between Ile 271 and Ala 378 that is encoded by exons
7-8 of hENG gene. This mAb does not cross-react with
murine endothelial cells.

In another embodiment, the invention provides anti-hENG
mAb termed SN6i which is generated by the hybridoma clone
termed K21C7. This mAb defines an epitope in the region of
hENG between Ile 271 and Ala 378 that is encoded by exons
7-8 of hENG gene. This mAb also does not cross-react with
murine endothelial cells.

Also included in the invention are fragments of the anti-
bodies that bind with specific to hENG as described herein,
and which do not cross react with murine endoglin. The
antibody fragments include but are not necessarily limited to
Fab, Fab', (Fab")2, Fv, single chain (ScFv), diabodies, multi-
valent antibodies, fusion proteins comprising one or more
antibody portions, and any other modified immunoglobulin
molecule that comprises an antigen recognition site of desired
specificity for hENG but does not cross-react with murine
endoglin.

The invention also provides for chimeric and partially or
fully humanized version of the antibodies disclosed herein.
Methods for making human and chimeric antibodies are well
known in the art. In one embodiment, a humanized antibody
comprises murine hypervariable regions having endoglin
binding specificity for the region of human endoglin between
human endoglin amino acid N121 and amino acid A378, and
constant region and variable region sequences of human
immunoglobulin. In certain embodiments, the antibody is a
humanized antibody comprising murine hypervariable
regions having endoglin binding specificity for the region of
human endoglin between human endoglin Asn 121 and Ala
378, and a constant region and variable region sequences
(excluding hypervariable regions) of human immunoglobu-
lin. In other embodiments, the antibody is a chimerized anti-
body comprising murine variable regions having endoglin
binding specificity for the region of human endoglin between
human endoglin amino Ile 217 and amino acid Ala 378, and
constant regions sequences of human immunoglobulin.

The invention also provides compositions comprising the
mAbs described herein, or hENG binding fragments thereof,
with a pharmaceutically acceptable carrier. Such composi-
tions for use in therapeutic purposes may be prepared by
mixing the mAbs or fragments thereof with any suitable
pharmaceutically acceptable carriers. Some examples of
compositions suitable for mixing with the agent can be found
in: Remington: The Science and Practice of Pharmacy (2005)
21st Edition, Philadelphia, Pa. Lippincott Williams &
Wilkins.

These agents can be used alone, or in compositions also
comprising other therapeutic agents, and/or in combination
treatment modalities. Other therapeutic agents may include,
but not limited to, doxorubicin, cyclophosphamide, pacli-
taxel, Capecitabine, sunitinib, sorafenib and bevacizumab
(avastin).

In one embodiment, the invention provides immunoconju-
gates. An immunoconjugate can be formed by coupling an
anti-endoglin mAb, or a fragment thereof, to at least one
anti-tumor agent, wherein the resultant immunoconjugate
retains its selective immunoreactivity restricted to certain
tumor vasculature and proliferating vascular endothelial cells
characteristic of angiogenesis. A naked anti-hENG mAb or
the immunoconjugate can be administered to an individual in
need of antiangiogenic therapy.

Methods

In various embodiments, any antibody, modified or other-

wise, or hENG binding fragments thereof, can be tested using
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amouse model described herein. This embodiment is suitable
for testing a test antibody to determine whether it is a candi-
date for treatment of human angiogenesis related diseases.
Having evaluated parameters such as clinical efficacy and
pharmacokinetics in the a mouse model provided by the
invention, the antiangiogenic therapy may then be “scaled
up” to human treatment. A physiological basis for scaling up
the therapeutic agents comprising mAbs from a mouse model
to humans is known to those skilled in the art (see, e.g., Baxter
etal., 1995, Cancer Res. 55:4611-4622).

Another embodiment of the present invention comprises a
method for using anti-hENG mAbs, or an hENG binding
fragment thereof, according to the present invention for pro-
phylaxis and/or therapy of an angiogenesis associated dis-
ease. In this regard, the method can be used for prophylaxis
and/or therapy for an individual in need of treatment. The
individual in need of treatment may be diagnosed with, sus-
pected of having, or at risk for developing an angiogenesis-
associated disease. Thus, the individual may be diagnosed
with, suspected ofhaving, or at risk for developing any human
solid tumors, as well as any other disease selected from the
group consisting of diabetic retinopathy, age-related macular
degeneration (AMD) and chronic inflammatory diseases, the
latter including rheumatoid arthritis, dermatitis, and psoria-
sis.

It will berecognized by those of skill in the art that the form
and character of the particular dosing regimen for any mAb or
hENG binding fragment thereof, whether used alone, or in
pharmaceutical preparations, or in combination with one or
more other therapeutic agents, will be dictated at least in part
by the route of administration and other well-known vari-
ables, taking into account such factors as the size, gender,
health and age of the individual to be treated, and the type and
stage of angiogenesis associated disease with which the indi-
vidual may have or be at risk for. Based on such criteria, one
skilled in the art can determine an effective amount of a
composition to administer to the individual.

Compositions comprising the antibodies or hRENG binding
fragments thereof, in addition to other therapeutic agents if
desired, can be administered to an individual using any avail-
able method and route, including oral, parenteral, subcutane-
ous, intraperitoneal, intrapulmonary, intranasal and intracra-
nial injections. Parenteral infusions include intramuscular,
intravenous, intraarterial, intraperitoneal, and subcutaneous
administration. The method of the invention can be per-
formed prior to, concurrently, or subsequent to conventional
anti-cancer therapies, including but not limited to chemo-
therapies, surgical interventions, and radiation therapy.

As will be clear from the foregoing description and the
Examples and Figures presented herein, the presently pro-
vided anti-hENG mAbs have binding specificity for an
epitope on the hENG part of the human/mouse chimeric
ENG, and can be used to inhibit tumor-associated angiogen-
esis, and inhibit vasodilation of preexisting small blood ves-
sels (vascular-targeting). Since it is believed the present
results demonstrate that an anti-endoglin mAb, or an immu-
noconjugate containing the same, can effectively target
tumor-associated vasculature in vivo, another embodiment of
the present invention is a method of antiangiogenic therapy
which utilizes any anti-endoglin mAb recognizing endoglin
expressed on human vasculature endothelial cells. More par-
ticularly, because the anti-ENG mAbs of the present inven-
tion exhibit immunoreactivity to ENG and therapeutic effi-
cacy in targeting tumor-associated vasculature in vivo, such
mAbs establish reasonably predictive utility in humans for
themselves and for mAbs that recognize only ENG on the
surface of human vascular endothelial cells.
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The following examples are presented to illustrate the
present invention. They are not intended to limiting in any
manner.

Example 1

This Example Development provide a description of the
development of Knockin mice which stably expressing a
novel human/mouse chimeric endoglin.

Twelve anti-hENG mAbs we developed define at least 8
different steric epitopes as determined by immunological and
biochemical tests (e.g., competitive binding assay). The
sequence epitopes, defined in a particular region in the amino
acid sequence of hENG, of these mAbs were determined
using recombinant polypeptide fragments corresponding to
different parts of ENG molecule. FIG. 1 illustrates the
sequence epitope.

We humanized the murine ENG (mENG) region covered
by exons 4-8 because this region contains epitopes defined by
the majority of the anti-hENG mAbs we have produced to
date. In addition, the hENG protein region encoded by Exon
7 contains immunodominant epitopes. We constructed a gene
targeting vector which was used for the targeted replacement
of exons 4-8 of mENG with the corresponding exons of
hENG (FIG. 2). The targeted knock-in gene was examined by
PCR and Southern blot. Both results confirmed that exons 4-8
in mENG were successfully replaced with hENG exons 4-8
(FIG. 3). The Neo marker in the targeted gene in the knock-in
mice was removed by mating the Neo-carrying male mice
with Cre-deleter female mice. After repeated mating/breed-
ing, we obtained the desired knock-in mice that carry the
human/mouse chimeric ENG gene but free of Neo and Cre
genes; this was confirmed by PCR and Southern blot experi-
ments. Using a similar strategy, (Plan B), we replaced exons
5-6 of mENG gene with the corresponding exons 5-6 of
hENG gene.

We then tested whether the translated human/mouse chi-
meric ENG protein is effectively expressed in angiogenic
blood vessels. We addressed this question by immunohis-
tochemical (IHC) staining of tumor tissues from the knock-in
mice (FIGS. 4A, 4B, FIGS. 5A and 5B). To this end, we
inoculated colon26 murine colon adenocarcinoma cells or
4T1 murine breast cancer cells subcutaneously (s.c.) into the
left flank of the knock-in mice and wild type mice (control).
The generated tumors were removed and blood vessels in the
removed tumors were examined by IHC staining with anti-
hENG mAb, isotype-matched control IgG and control mAb.
Both colon26 tumors and 4T1 tumors showed consistent IHC
staining patterns with multiple anti-hENG mAbs. Tumors
from six different knock-in mice showed consistent IHC
staining patterns. In addition to SN6j, all other six anti-hENG
mAbs (SN6h, SN6, SN6¢c, SN6d, SN6f and SN6i), whose
sequential epitopes are located in the protein sequence region
encoded by exons 4-8 (see FIG. 1), also showed effective
immunostaining of tumor-associated blood vessels in the
knock-in mice. In addition, SN6g that defines a carbohydrate
epitope stained weakly. Examples of the IHC staining are
shown in FIGS. 4A, 4B, 5A and 5B.

Results of the THC study validate our experimental design.
The knock-in mice develop normally and are healthy. The
results indicate that the generated chimeric ENG is physi-
ologically functional in mice.

Example 2

This Example provides a description of production of anti-
anti-hENG mAbs. Anti-hENG mAb SN6 was generated by
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immunizing a mouse with a tumor-associated antigen-en-
riched fraction of cell membrane glycoproteins from ENG-
expressing human leukemia cells (Haruta and Seon, 1986,
Proc. Natl. Acad. Sci. USA 83: 7898-7902). The remaining
seven anti-hENG mAbs of the present invention were gener-
ated by immunization of mice with a purified human endoglin
(hENG) preparation. hENG was purified from human acute
lymphoblastic leukemia (ALL) cells. Cell membrane glyco-
proteins were isolated using detergent extraction and lectin
affinity chromatography as described previously (Haruta and
Sean, 1986, Proc. Natl. Acad. Sci. USA, 83:7898-7902,
herein incorporated by reference). The isolated glycoproteins
were applied to an immunoaffinity column containing anti-
endoglin mAb SN6 (Seon et al., 1997, Clin. Cancer Res.
3:1031-1044.) which had been equilibrated with 25 mM Tris-
HCI, pH 8.0 containing 0.5% taurocholate, 0.15 M NaCl, 2
mM EDTA, 0.03% NaN3 and 0.5 mM phenylmethylsulfonyl
fluoride. The bound materials were eluted with 50 mM
diethylamine-HCI, pH 11.3 containing 0.5% taurocholate, 2
mM EDTA, 0.03% NaN3 (“alkaline buffer”). The eluate was
immediately neutralized by the addition of one-tenth volume
of 0.5 M Tris-HCI buffer, pH 7.1. The eluted material was
reapplied to the immunoaffinity column and the bound mate-
rial was eluted with the alkaline buffer further containing
0.01% cytochrome-c (a 12.4 kD carrier protein) and neutral-
ized. The eluted material was dialyzed and concentrated
using ultrafiltration (e.g., with a YM-10 membrane). This
purification process was carried out at 4-6° C. Purification of
hENG was monitored by a solid phase radioimmunoassay
using mAb SN6, and confirmed by gel electrophoresis with
silver staining. The resultant hENG preparation contained a
single, major component of 170 kD under unreduced condi-
tions, and 92 kD under reduced conditions.

In a first immunization protocol, 2 female BALB/c mice
were immunized with the isolated hENG following an immu-
nization protocol described previously (Seon et al., 1983,
Proc. Natl. Acad. Sci. USA, 80:845-849) with modifications.
Briefly, an antigen solution comprising 10 ug of the hENG
preparation in 100 ul of 10 mM Tris-HCI buffer, pH 7.5, with
0.5% taurocholate, 0.15 M NaCl, and 14 pg cytochrome-c,
was mixed with an equal volume of adjuvant (e.g., Fruend’s
complete) and then injected subcutaneously at multiple sites

10

15

20

25

30

35

40

18

on each of the mice. In addition, 1x10° Bordetella pertussis
bacteria in 100 pl saline were injected at different sites. Two
booster immunizations of the antigen solution in adjuvant
were administered subcutaneously. A last immunization
comprising 40 pl antigen solution containing 8 pg hENG
preparation mixed with 200 pl saline was administered intra-
peritoneally. The spleens were removed and fused with
P3/NS1/1-Agd-1 (NS-1) mouse myeloma cell line 4 days
after the last immunization. Cell fusion, hybridoma screen-
ing, and immunoglobulin class determination were per-
formed as described previously (Haruta and Seon, 1986,
supra). In a second immunization protocol, a female BALB/c
mouse was immunized with the isolated hENG as described
for the first experiment, but without the administration of B.
pertussis. Eleven hybridomas generated by these immuniza-
tions produce individually different anti-hENG mAbs that
were further characterized.

As shown in FIGS. 4A, 4B, 5A and 5B, seven of the eleven
mAbs generated using these immunization protocols demon-
strated binding specificity for the hENG part of the human/
mouse chimeric ENG that is stably expressed in the knockin
mice.

Example 3

This Example provides a characterization of the anti-
hENG mAbs. mAbs SN6f, SN6g, SN6h, SN6i and SN6j were
generated using the immunization protocol first described in
Example 2 whereas mAbs SN6¢ and SN6d were generated
using the second immunization protocol. mAb SN6 was gen-
erated using a tumor-associated antigen-enriched fraction of
cell membrane glycoproteins from human leukemia cells as
described in Example 2. The specificity of immunoreactivity
of'each ofthese eight mAbs was characterized by testing them
against various hematopoietic cell lines in a cellular radioim-
munoas say (RIA) and by immunoprecipitation of hEDG
using methods previously described (Haruta and Sean, 1986,
supra). Briefly, 20 ul of a 1:9 dilution of the culture fluids of
individual hybridomas and 2x10° hematopoietic cells in each
test by RIA. Mouse plasmacytoma IgG1l and IgG2a were
included in the assays as controls. The results indicating
immunoreactivity (+) or no detectable immunoreactivity (-)
are shown in Table 1.

TABLE 1

REACTIVITY OF MONOCLONAL ANTIBODIES SN6, SN6c, SN6d, SN6f, SN6g, SN6h, SN6i AND SN6j
WITH HUMAN LEUKEMIA-LYMPHOMA (HLL) AND EBV-TRANSFORMED B CELL LINES

Reactivity
Cell Origin of SN6 SNé6c SN6d SN6f SNé6g SN6h SN6i SN6j
Line Cell Line (N13A1) (L41C8) (D31A2) (K42C10) (I112G6) (G42C2) (K21C7) (Y42F1)
HLL non-T/non-B
KM-3 ALL* + + + + + + + +
NALM-16 ALL + + + + + + + +
REH ALL + + + + + + + +
HLL Pre-B
NALM-6 ALL + + + + + + + +
NALM-1 CML-BC + + + + + + + +
HLLB
BALL-1 ALL - - - - - - - -
BALM-2 ALL - - - - - - - -
Daudi BL - - - - - — _ -
Ramos BL - - - - - - — _
U698M LS - - - - - - - -
BALM-3 LY - - - - - - - -
SU-DHL-4 HL - - - - - - - -
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TABLE 1-continued

20

REACTIVITY OF MONOCLONAL ANTIBODIES SN6, SN6c, SN6d, SN6f, SN6g, SN6h, SN6i AND SN6j
WITH HUMAN LEUKEMIA-LYMPHOMA (HLL) AND EBV-TRANSFORMED B CELL LINES

Reactivity
Cell Origin of SN6 SNé6¢ SNé6d SN6f SNé6g SN6h SN6i SN6j
Line Cell Line (N13A1) (L41C8) (D31A2) (K42Cl10) (112G6) (G42C2) (K21C7)  (Y42F1)
HLLT
MOLT-4 ALL - - - - - -
M ALL - - - - - - - -
CCRF-CEM ALL - - - - - - - -
CCRF-HSB2 ALL - - - - - - - -
Ichikawa ALL - - - - - — - -
HPB-MLT ALL - - - - - - - -
HUT-78 SS - - - - - - - -
HLL Myelomonocytic
ML-2 AML + + + + + + + +
HL-60 APL + + + + + + + +
U937 HL + + + + + + + +
EBV-transformed B
CCRF-SB - - - - - - - -
RPMI 8057 - - - - - - - -
RPMI 1788 - - - - - -

*Abbreviations used in this table:

ALL, acute lymphoblastic leukemia;

CML-BC, chronic myelocytic leukemia in blast crisis;
BL, Burkitt’s lymphoma;

LS, lymphosarcoma;

LY, lymphoma;

HL, histiocytic lymphoma;

S8, Sezary syndrome;

AML, acute myelocytic leukemia;

APL, acute promyelocytic leukemia

As shown by Table 1 for the anti-endoglin mAbs of the 35
present invention, and as previously determined for anti-
hENG mAb SN6, immunoreactivity was demonstrated for
the immature B-lineage leukemia cell lines tested (KM-3,
REH, NALM-1, NALM-6 and NALM-16) and the myelo-
monocytic leukemia cell lines tested (ML-2, HL-60 and 40
U937). However, they did not react with any of the mature
B-lineage leukemia-lymphoma cell lines (BALL-1, BALM-
2, BALM-3, Daudi, Ramos, U698M, and SU-DHL-4), any of
the T leukemia cell lines (MOLT-4, JM, CCRF-CEM, CCRF-
HSB2, Ichikawa, HPB-MLT and HUT-78), nor the EBV-
transformed B cell lines (CCRF-SB, RPMI 1788 and RPMI
8057). The immunoprecipitation assay showed that all eight
anti-hENG mAbs of the present invention precipitated a 170
kD component under unreduced conditions and a 92 kD com-
ponent under reduced conditions.

The specificity of immunoreactivity of each of the eight
mAbs SN6, SN6¢c, SN6d, SN6f, SN6g, SN6h, SN6i and SN6j
were further characterized by using these mAbs in his-
tochemical staining of several human malignant tissues. The
tissues included malignant tissues of breast, colon, kidney,
lung, and lymph node. The tissues were frozen, then air-dried
and fixed with acetone, and stained according to the methods
standard in the art. The immunohistochemical (IHC) staining
of the malignant tissue with each of the eight mAbs showed
that these mAbs reacted strongly with the vascular endothe-
lium associated with all of the malignant tissues tested,
whereas the isotype control 1gG failed to demonstrate any
significant staining in each tissue.

In summary, the anti-hENG mAbs according to the present
invention showed strong immunoreactivity to ENG as shown
by selective reactivity to ENG-expressing human leukemia-
lymphoma cells and human vascular endothelial cells as dem-
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onstrated by their reactivity with malignant tumor vascula-
ture. Since ENG is primarily a proliferation-associated
marker for endothelial cells undergoing active angiogenesis,
the anti-hENG mAbs according to the present invention may
be used to selectively target antiangiogenic therapy to tumor
vasculature or the excessive vascularization present in other
angiogenesis-associated diseases in humans.

It would be preferable for any potentially new agents for
antiangiogenic therapy to be evaluated for their safety and
efficacy in an animal model before the agents are applied to
the clinical trials involving human patients. In this regard, the
developed knockin mice stably expressing human/mouse chi-
meric ENG and mAbs specifically reactive with the hENG
part of the chimeric ENG in the knockin mice according to the
present invention are valuable for evaluating safety and effi-
cacy of these mAbs and immunoconjugates formed using
these mAbs.

The specific reactivity of the eight anti-hENG mAbs of'the
present invention with the human ENG part of the human/
mouse chimeric ENG in the knockin mice is shown by the
THC staining test as illustrated in FIGS. 4A, 4B, 5A and 5B.
mAbs SN6h, SN6j, SN6d and SN6fshowed strong IHC stain-
ing demonstrating strong reactivity with the human/mouse
chimeric ENG in 4T1 tumor from the homozygous and het-
erozygous (hemizygous) knockin mice, but did not show
significant IHC staining with mouse ENG in 4T1 tumor from
wild type mice (FIGS. 4A and 4B). An anti-mouse ENG
(CD105) mAb showed strong IHC staining with mouse ENG
in the heterozygous and wild type mice (FIG. 4A). An iso-
type-matched control IgG did not show any significant IHC
staining with either chimeric ENG or mouse ENG (FIG. 4A).
mAbs SN6¢, SN6i and SN6 showed similar IHC staining
patterns to those of SN6h, SN6j, SN6d and SN6f as shown in
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FIG. 5A. mAb SN6g showed weak THC staining with the
chimeric ENG in the homozygous mice (FIG. 5B). mAb
SN6k did not show significant [HC staining with either chi-
meric or mouse ENG (FIG. 5B). IHC staining patterns of
anti-mouse ENG mAb and control 1gG in this set of experi-
ment are essentially same as those of the above set of experi-
ment shown in FIG. 4A (FIGS. 5A and 5B). The mAbs, that
show strong IHC staining with chimeric ENG in 4T1 breast
tumor, show also strong IHC staining with chimeric ENG in
Col 26 colon tumor. This finding is consistent with the pre-
vious findings that ENG expression pattern is common
among angiogenic vascular of many different solid tumors
(Seon et al., 2011, Curr. Drug Deliv. 8:135-143).

In summary, all eight anti-hENG mAbs in the present
invention react with the human ENG part of the chimeric
human/mouse chimeric ENG in the knockin mice in the
present invention.

Example 4

This Example provides a description of using anti-hENG
antibodies for antiangiogenic therapy. While an anti-hENG
mAb may be administered by routes other than intravenously
(i.v.), a preferred embodiment of the illustration is i.v. admin-
istration of the mAb. This is because it is primarily the pro-
liferating vasculature comprising the angiogenesis that is the
target of the therapy; and thus, administering the mAb i.v.
saturates the targeted vasculature much quicker than if
another route of administration is used. Additionally, the
intravenous route allows for the possibility of further target-
ing to specific tissues. Thus, in a variation of this embodi-
ment, a catheter may be used to direct the mAb to the location
of the target angiogenesis. For example, if tumor angiogen-
esis is the target of the anti-angiogenic therapy, and if the
tumor is located in the liver, then the mAb may be delivered
into the hepatic portal vein using a catheter. In this variation,
there is even less systemic distribution of the mAb, thereby
further minimizing any potential side effects from antiangio-
genic therapy.

Anti-hENG mAbs SN6¢, SN6d and SN6j were used to
illustrate the antiangiogenic therapy according to the method
of the present invention. Three sets of therapeutic protocols
were used in the therapeutic study. In the first set of protocols,
4T1 murine breast cancer cells were inoculated subcutane-
ously (s.c.) into the flank of knockin mice stably expressing
human/mouse chimeric ENG. Mice bearing palpable estab-
lished tumors of a similar size were distributed evenly into
four groups (n=7) at the onset of the therapy. Individual mice
with established tumors in each group were treated by intra-
venous (i.v.) administration of 50 pg of SN6¢, SN6d, SN6j or
isotype-matched control IgG (MOPC 195v) via the tail vein.
The administration was repeated at 3 or 4 days intervals
(twice a week). Mice were followed daily, and tumor size and
body weight were measured at 2 or 3 days interval (shown in
FIG. 6A).
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In the second set protocols, four groups knockin mice
bearing established 4T1 tumors were generated and treated in
a similar manner to the first protocol but by i.v. administraton
of 100 pg of SN6¢, SN6d, SN6j or control IgG (FIG. 6B).

In the third set of protocols, Col 26 murine colon cancer
cells were inoculated s.c. into the flank ofknockin mice. Mice
bearing palpable established tumors of a similar size were
distributed evenly into four groups (n=6) at the onset of the
therapy. Individual mice with established tumors in each
group were treated by i.v. administration of 100 pug of SNé6c,
SN6d, SN6j or isotype-matched control IgG. The administra-
tion was repeated at 3 or 4 days interval (twice a week). The
mice were followed daily, and tumor size and body weight
were measured at 2 or 3 day intervals. The results are shown
in FIG. 7. When the survival of mice was followed, mice
treated with the anti-hENG mAbs (SN6c, SN6d and SN6j)
lived longer than those mice treated with control IgG.

Example 5

This Example provides a description of antiangiogenic
therapy using chimeric and humanized anti-hENG mAbs.
The mAbs raised against hENG as described above can also
be made as chimeric antibodies, or they can be partially or
fully humanized. Suitable techniques for making chimeric
and humanized antibodies are well known in the art. A
description of making and using chimeric and humanized
antibodies is provided in U.S. Pat. No. 6,200,566, the entire
disclosure of which is incorporated herein by reference.
Methods for antiangiogenic therapies using chimeric and
humanized anti-hENG mAbs are similar to those for using
murine antibodies. In general, chimeric mAbs and humanized
mAbs minimize the development of human anti-mouse anti-
body responses. Additionally, the chimeric or humanized
antibodies generally change the pharmacokinetics by provid-
ing a longer half-life of the antibodies, as compared to the
half-life of the parental murine antibody in human.

Example 6

This Example provides a description of epitope mapping
for the antibodies described herein. To determine the steric
epitopes of endoglin, we performed three different tests: 1) a
sequential competitive inhibition test using several ‘*°I-la-
beled SN6 series mAbs, 2) a simultaneous competitive bind-
ing assay, and 3) a comparison of the degrees of susceptibility
of individual epitopes to various enzymatic digestions. The
results of these tests are summarized graphically in FIG. 8.

While the invention has been particularly shown and
described with reference to specific embodiments (some of
which are preferred embodiments), it should be understood
by those having skill in the art that various changes in form
and detail may be made therein without departing from the
spirit and scope of the present invention as disclosed herein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1
LENGTH: 45
TYPE: DNA
ORGANISM:
FEATURE:
OTHER INFORMATION: primer

artificial sequence
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<400> SEQUENCE: 1

agaggaacca tggaaacagt ccattgtgac cttcagectg tggge

<210> SEQ ID NO 2

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 2

agaggaacca tgggtggtag gctgcagace tcacccgcac cgatce

<210> SEQ ID NO 3

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 3

tccegtegac tattacaagt gcagtgggat tcccagggece tggag

<210> SEQ ID NO 4

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 4

tccegtegac tattaccegg ccgagtggee cggcaggace ctcag

<210> SEQ ID NO 5

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 5

tccegtegac tattattete cagtggteca gatctgeatg ttgtg

<210> SEQ ID NO 6

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 6

tccegtegac tattagggtg aggtectgeag cctaccaceg cagcet
<210> SEQ ID NO 7

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 7

tccegtegac tattagaaag agaggctgte catgttgagg cagtg

<210> SEQ ID NO 8

45

45

45

45

45

45

45
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<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 8

tcecegtegac tattagectt tgettgtgeca accagacagyg tcagggcet

<210> SEQ ID NO 9

<211> LENGTH: 258

<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 9

Asn Ser Ser Leu Val Thr Phe Gln Glu Pro Pro Gly Val Asn Thr Thr
Glu Leu Pro Ser Phe Pro Lys Thr Gln Ile Leu Glu Trp Ala Ala Glu

20 25 30

Arg Gly Pro Ile Thr Ser Ala Ala Glu Leu Asn Asp Pro Gln Ser Ile
35 40 45

Leu Leu Arg Leu Gly Gln Ala Gln Gly Ser Leu Ser Phe Cys Met Leu
50 55 60

Glu Ala Ser Gln Asp Met Gly Arg Thr Leu Glu Trp Arg Pro Arg Thr
65 70 75 80

Pro Ala Leu Val Arg Gly Cys His Leu Glu Gly Val Ala Gly His Lys
85 90 95

Glu Ala His Ile Leu Arg Val Leu Pro Gly His Ser Ala Gly Pro Arg
100 105 110

Thr Val Thr Val Lys Val Glu Leu Ser Cys Ala Pro Gly Asp Leu Asp
115 120 125

Ala Val Leu Ile Leu Gln Gly Pro Pro Tyr Val Ser Trp Leu Ile Asp
130 135 140

Ala Asn His Asn Met Gln Ile Trp Thr Thr Gly Glu Tyr Ser Phe Lys
145 150 155 160

Ile Phe Pro Glu Lys Asn Ile Arg Gly Phe Lys Leu Pro Asp Thr Pro
165 170 175

Gln Gly Leu Leu Gly Glu Ala Arg Met Leu Asn Ala Ser Ile Val Ala
180 185 190

Ser Phe Val Glu Leu Pro Leu Ala Ser Ile Val Ser Leu His Ala Ser
195 200 205

Ser Cys Gly Gly Arg Leu Gln Thr Ser Pro Ala Pro Ile Gln Thr Thr
210 215 220

Pro Pro Lys Asp Thr Cys Ser Pro Glu Leu Leu Met Ser Leu Ile Gln
225 230 235 240

Thr Lys Cys Ala Asp Asp Ala Met Thr Leu Val Leu Lys Lys Glu Leu
245 250 255

<210> SEQ ID NO 10
<211> LENGTH: 98
<212> TYPE: PRT

<213> ORGANISM: human

<400> SEQUENCE: 10

Ala Gln Gly Ser Leu Ser Phe Cys Met Leu Glu Ala Ser Gln Asp Met
1 5 10 15
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Gly Arg Thr
Cys His Leu
35

Val Leu Pro
50

Glu Leu Ser
65

Gly Pro Pro

Ile Trp

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Leu Glu Trp Arg Pro

20

Glu Gly Val Ala Gly

40

Gly His Ser Ala Gly

55

Cys Ala Pro Gly Asp

70

Tyr Val Ser Trp Leu

85
D NO 11
H: 2669

DNA
ISM: human

<400> SEQUENCE: 11

actgcagatc

actccacaaa

gegtgetgag

cgggggtcaa

ctgagagggg

gactgggcca

aatctgaget

getgtgecac

accaaatatc

ttcatacgat

gacacactca

atgtacatgt

agcctaacat

acagggtcac

tcteccececte

cggggctctg

gcccaggggt

gagtggcgge

cacaaggagg

cecegececety

cteceggtece

gagcacagte

acaagcctygg

cagcegeage

ccatcegegt

cgcaccegygyg

catcgacgec

caccagccag

ttacttcctyg

cctecacatg

caccacagag

ccccatcace

aggtcagttt

cectetggece

agttcacatg

agattgaagc

ctattgtgca

ggcectgect

acacagataa

gtgtcatggg

ttggcaggtg

tgcagcaccyg

ttaggtgcag

cactgteett

cgegtactee

cgcacatect

acactagtcc

ttataaagcc

getttetect

ccccagtece

ccaccegacy

ctgtctecce

gatctcgatyg

aaccacaaca

cattctcage

acctcctaca

tctecccaga

ctgecatect

tctgetgetyg

ccccagcaac

acacctcaaa

ccacaagcca

atgtggaata

tctactatgt

tcctggaget

atctataatt

ctcatccectt

agtggtggaa

tcctgectge

ggctgctgag

ctgcatgetyg

agccttggte

gagggtcctg

ccaccecgag

ccaccecagt

actctagget

atccctatcece

ccaggecteg

gecaggcecccyg

cecgtecteat

tgcagatctg

Arg

His

Pro

Leu

Ile

Thr

Lys

Arg

Asp

Asp

Pro

Glu

Thr

Ala

75

Ala

tceggectet

tgggatagag

attccagect

tcceccaagac

agctgaatga

ctectetggge

cttgggcace

gtgctgeett

tgccaggtte

gccaaagecce

gatactgtga

tcgggtettyg

atgttaacac

gggaagttcg

cccaccacta

ggaagggact

gaagccagcece

cggggctgcc

cegggecact

agaccacccc

cccagcccca

acgcceecta

cataaaccca

ctceccegect

gacggtgacg

cctgcagggt

ggtgagttgt

Ala Leu Val
30

Ala His Ile
45

Val Thr Val
60

Val Leu Ile

Asn His Asn

ttctetecage

agggcacagg

ggtcacctte

ccagatcett

ccceccagage

tcatgatact

aagagtgcag

gggacagtga

tgacctaaaa

tatcatgcta

tgagggaggt

Ctgggtggtt

acggaggecc

aacctaggtce

tcetttggetyg

gaggtgcgeg

aggacatggg

acttggaagg

cggccgggta

cctgaccece

geceegecge

tgggceecett

cacctggeca

ggcetgtecg

gtgaaggtgg

cceceectacy

gegeagetece

Arg Gly

Leu Arg

Lys Val

Leu Gln

80

Met Gln
95

caatgggcetyg
gccaggaaca
caagagcccc
gagtgggcag
atcctectee
gctcaggagyg
gaggggacac
tggctectee
ccccageatt
ggcacttggg
gacaataaac
teggggetge
ggggacttge
ctctgacgee
tgggtgaggg
tgtctetgea
cecgeacgete
cgtggecgge
tggctetege
ccegeccect
agccctgtga
cecectttggge
ggtaagagtg
cttecagtgtt
aactgagcetyg
tgtcctgget

cgggacacaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620
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-continued
aacccaaact cccaacctcect ggatcaggga agtttccectgg aaaggtgaac ccccgagcetg 1680
agctgaagga caaatcacct atgcccatac gtgagggaag gggccaggca gaagacgcag 1740
caggagtggg gacacagcag gaccgaggcece tggcataacce ctggetggece tgctgtggea 1800
cagactgtgt ccatggcccce ctgttctgce tctetcececca ccattagacce actggagaat 1860
actccttcaa gatcttteca gagaaaaaca ttegtggcett caagctccca gacacaccte 1920
aaggcctect gggggaggcec cggatgctca atgccagcat tgtggcatce ttegtggagce 1980
taccgetgge cagcattgte tcacttcatg ccteccagetg cggtgagcac ccttcecectg 2040
ccecteectt cecttecect cecttggate agtggccaca ctgttggtga agcacctcetg 2100
tgtgagcettg ggcaaggtac atcagcctct ctgagcctca tttttcectcat ctgcacatgg 2160
gaacaatggg agtagctaat catagaagag cctgagaatc gcttgaacct gggagatgga 2220
ggttgcagtyg agccaagatc gtgccactge actccagcce gggtaacaga gcaaaactcece 2280
gtctcaaaaa aaaaaaaaaa aaaaaaaaag cctggtgcegg gcacacagtg atcacacagt 2340
gaccagccege ctggectgee tctgetacce cacaggtggt aggctgcaga cctcaccege 2400
accgatccag accactccecte ccaaggacac ttgtagcecccg gagctgctca tgtcecttgat 2460
ccagacaaag tgtgccgacg acgccatgac cctggtacta aagaaagagce ttgttgcggt 2520
aagggaactc ctgcccctet ggctcaggat gacatggaca tctggttcect cccctagecce 2580
aagactcttg gggtcctage ccaggcaggg gggcaagtca cgtccctctg caagecttag 2640
ttttceccact tgtataatgg aattgataa 2669

What is claimed is:

1. An isolated antibody or a fragment thereof, wherein the
antibody or fragment thereof binds with specificity to aregion
of human endoglin between human endoglin amino acid Asn
121 and amino acid Ala 378, wherein the region of human
endoglin between human endoglin amino acid Asn 121 and
amino acid Ala 378 comprises the sequence of SEQ ID NO:9,
and wherein the antibody is not cross-reactive with murine
endoglin.

2. The antibody fragment thereof of claim 1, wherein the
fragment is selected from the group consisting of Fab, Fab',
(Fab")2, Fv, single chain (ScFv), and combinations thereof.

3. The antibody of claim 1, wherein the antibody is a
chimeric or humanized antibody.

4. The antibody of claim 3, wherein the antibody is a
humanized antibody comprising murine hypervariable

40

45

regions having endoglin binding specificity for the region of
human endoglin between human endoglin amino acid Asn
121 and amino acid Ala 378, and a constant region and vari-
able region sequences of human immunoglobulin.

5. The antibody of claim 3, wherein the antibody is a
chimerized antibody comprising murine variable regions
having endoglin binding specificity for the region of human
endoglin between human endoglin amino acid Asn 121 and
amino acid Ala378, and constant regions sequences of human
immunoglobulin.

6. The antibody or fragment of claim 1, wherein the anti-
body or the fragment is conjugated to a cytotoxic agent.

7. A composition comprising the antibody or fragment
thereof according to claim 1, wherein the composition com-
prises a pharmaceutically acceptable carrier.

#* #* #* #* #*



